The clinical impact of sentinel lymph node biopsy (SLNB) in colon cancer is still controversial. The purpose of this prospective multicenter trial was to evaluate its clinical value to predict the nodal status and identify factors that influence these results. Methods: Colon cancer patients without prior colorectal surgery or irradiation were eligible. The sentinel lymph node (SLN) was identified intraoperatively by subserosal blue dye injection around the tumor. The SLN underwent step sections and immunohistochemistry (IHC), if classified free of metastases after routine hematoxylin and eosin examination. Results: At least one SLN (median, n ϭ 2) was identified in 268 of 315 enrolled patients (detection rate, 85%). Center experience, lymphovascular invasion, body mass index (BMI), and learning curve were positively associated with the detection rate. The falsenegative rate to identify pNϩ patients by SLNB was 46% (38 of 82). BMI showed a significant association to the false-negative rate (P Ͻ 0.0001), the number of tumor-involved lymph nodes was inversely associated. If only slim patients (BMI Յ24) were investigated in experienced centers (Ͼ22 patients enrolled), the sensitivity increased to 88% (14 of 16). Moreover, 21% (30 of 141) of the patients, classified as pN0 by routine histopathology, revealed micrometastases or isolated tumor cells (MM/ITC) in the SLN. Conclusions: The contribution of SLNB to conventional nodal staging of colon cancer patients is still unspecified. Technical problems have to be resolved before a definite conclusion can be drawn in this regard. However, SLNB identifies about one fourth of stage II patients to reveal MM/ITC in lymph nodes. Further studies
S
entinel lymph node (SLN) biopsy (SLNB) has been found to be highly effective in correctly predicting the nodal status for melanoma and breast cancer patients. 1, 2 In contrast, the current evidence for SLNB in colon cancer is conflictive. On the one hand, there are few study groups, who reported a high predictive value of SLNB for the nodal status, 3, 4 hypothesized an improved staging by detection of small tumor deposits as well as an increased yield of harvested lymph nodes 5, 6 and reported a significant percentage of aberrant drainage outside the planned resection margins. 7 On the other hand, several recent studies could not confirm these results. 8 -11 Due to the fact that different methods were used and most of the studies revealed low patient numbers, we deemed it necessary to initiate a multicenter study, that assures an adequate number of patients, a consistent detection technique and a standardized histopathologic examination. The primary endpoint was the sensitivity to detect nodal positive patients. Secondary endpoints were detection rate, negative prediction value, accuracy, and the rate of upstaging. Moreover, the study aimed at the identification of specific factors that may influence these parameters.
PATIENTS AND METHODS

Study Organization
The study was initiated and organized in the framework of the oncologic working group of the German Society of Surgery (CAO-V), headed by the Department of Surgery and Surgical Oncology of the Robert-Rössle Cancer Center, Charité, University Medicine Berlin.
Prior to the beginning of the study, an initial meeting was held for all interested cancer centers to introduce the method and discuss details of performance. Each center nominated a surgeon to be responsible for the conductance of the study. An instruction video was provided to any participating center and regular study meetings were held every 6 months during the study period (January 2003 to August 2005) for participating surgeons and pathologists.
Patients
Patients could be included in the study, if they were between 18 and 85 years of age and suffered from a histopathologically proven colon carcinoma (inclusion criteria). Written informed consent was mandatory for inclusion. Prior operation or irradiation of the colon/mesocolon, reduced physical condition (ASA IV), known allergy against dye and mental disorders rendered a study enrollment impossible (exclusion criteria). If the attempt was made to identify a SLN by blue dye injection during a colon resection with adequate lymphadenectomy, the patient was registered as "included" and a complete set of data recorded. In case no lymphadenectomy was performed, the patient was considered as "drop out" and no data were registered. The study was approved by the local Human Investigations Committee (Committee of Ethics) and covered by an appropriate insurance.
Study Design and Endpoints
The study was designed as a controlled prospective trial. The primary endpoint was defined as the sensitivity to identify nodal positive patients by SLNB and the corresponding false-negative rate.
Secondary endpoints were detection rate, negative predictive value, accuracy, up-staging by focused analysis of the SLN, the rate of aberrant drainage, and the influence of various factors on sensitivity and detection rate (patient characteristics, features of the primary tumor, learning curve, and center experience).
Methods
After laparotomy (respectively placing of the trocars in laparoscopic technique) and mobilization of the tumor-bearing part of the colon, 2 to 4 mL Patent Blue dye were injected into the subserosal layer immediately adjacent to the tumor in 4 portions. The blue stained lymph node(s) that appeared within the first 10 minutes after injection was (were) tagged with a suture. The subsequent resection of the tumor was performed as a standardized radical hemicolectomy (left or right) or transverse colon resection.
After resection of the specimen, the tagged lymph node(s) was (were) excised and separately processed to further examination as sentinel lymph nodes (SLN). Thereafter, as many non-SLN lymph nodes as could be identified were dissected from the specimen (aiming at a minimum of 12 lymph nodes as recommended by the UICC/AJCC).
Lymph nodes up to 10 mm in diameter were bivalved. Larger lymph nodes were grossly sectioned in slices up to maximally 2 mm and processed to paraffin blocks for hematoxylin and eosin staining.
If none of the lymph nodes processed in this manner revealed metastases, the SLN underwent stepwise sections of 250 m distance each until sampled completely. At each level, at least 2 serial sections were cut at 5 m thickness and one of them was separated for immunohistochemical staining. In case no tumor cells were found by hematoxylin and eosin staining, at least 4 serial sections per lymph node were stained by immunohistochemistry (pan-cytokeratin antibody MNF116 visualized with streptavidin-AP, DAKO, Germany). Uncertain findings after hematoxylin and eosin staining were also clarified by immunohistochemistry. To exclude falsepositive results by staining of perifollicular reticulum cells or plasma cells, CK-positive cells were only considered as tumor cells if they revealed unequivocal cytomorphological criteria of a tumor cell on double staining with hemalaun.
Based on the simplified model of spheric configurated metastases, this approach enables the pathologist to identify tumor deposits up to a diameter of 0.25 mm with a probability of 100%, tumor deposits up to a diameter of 0.1 mm with a probability of 50%. 12 Tumor cell deposits larger than Ͼ0.2 mm but smaller than 2 mm in diameter were classified as micrometastases (MM). Tumor cell clusters up to a diameter of 0.2 mm or single CK-positive cells were classified as "isolated tumor cells" (ITC) according to Hermanek et al 13 and the UICC/AJCC.
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Statistics
The following definitions were used for calculations:
Number of patients with successfully retrieved SLN ϫ 100
Number of patients enrolled Sensitivity (%):
Number of patients with a tumor involved SLN ϫ 100
Number of patients with macrometastases in any lymph node False-negative rate (%): 100%-Sensitivity Negative predictive value (%):
Number of nodal negative patients ϫ 100
Number of nodal negative patients ϩ number of false-negative patients
Number of patients with correct prediction of the nodal status ϫ 100
Number of patients enrolled Based on the assumption of a (true) sensitivity SE ϭ 95% and an intended exactness ⌬ ϭ Ϯ10% of the corresponding estimation, the required number of patients was n ϭ 232 to obtain a statistical power of 80%.
All (primary and secondary) endpoints were initially analyzed by exploratory statistical procedures. The association of tumor and patients' characteristics to detection rate and sensitivity was tested by univariate analysis using the exact 2 test for categorical variables and the exact linearby-linear association test for ordered categories, 15 respectively. Thereby, the indicator variables "SLN found" versus "SLN not found" and "result (true) positive" versus "result If metrically scaled parameters like the body mass index (BMI) or center experience (number of enrolled patients) were found to be significantly associated with detection rate or sensitivity, a receiver operating characteristic (ROC) curve analysis with respect to the indicator variables was performed. The maximal sum of sensitivity ϩ specificity provides that cutoff level of the examined parameter, which separates the collective of patients with the highest significance.
"Center experience" was defined as the number of patients enrolled by each center. For calculations concerning the "learning curve," patients of the different centers were assigned to groups according to the order of their enrollment by each center (eg, all patients that were first enrolled by each center were included in one group, all patients that were second, etc). Subsequently, the different groups were compared in terms of detection rate, sensitivity and upstaging.
After approval of the study by the local ethics committee, 19 German university centers enrolled 315 patients, the median number of patients provided per center was 10 (range, 1-85). A median number of 20 (range, 4 -79) lymph nodes per patient was examined.
Data of the 315 enrolled patients, procedures, and tumor stages are summarized in Table 1 .
RESULTS
Detection Rate
At least one SLN was found in 268 of 315 (85%) patients undergoing the SLNB procedure. No adverse reaction after blue dye injection was recorded.
A significant association to the detection rate was found for center experience (P ϭ 0.027), learning curve (P ϭ 0.042), BMI (P ϭ 0.037), and lymphovascular invasion (P ϭ 0.021). No significant association was encountered for tumor infiltration depth (pT) (P ϭ 0.090), age, sex, vascular invasion, number of involved lymph nodes, total number of lymph nodes examined, and tumor localization.
To determine the cutoff level for "center experience," a ROC-curve analysis was performed. It revealed 22 enrolled patients as cutoff level, corresponding to a detection rate of 76.4% for centers with up to 22 patients enrolled versus a detection rate of 91.0% for centers with more than 22 patients enrolled (P Ͻ 0.0001).
The cutoff level calculation for the BMI revealed 25 kg/m 2 corresponding to a detection rate of 92,5% for patients with a BMI Յ25 kg/m 2 versus a detection rate of 80% for patients with a BMI Ͼ25 kg/m 2 (P ϭ 0.003). The multivariate logistic regression analysis yielded the most significant impact for center experience (P Ͻ 0.0001), followed by lymphovascular invasion (P ϭ 0.004) and BMI (categorical: Յ25 vs. Ͼ25 kg/m 2 ; P ϭ 0.002).
Sensitivity of SLNB to Predict Macrometastases
Overall, 82 of 268 patients (31%) were found to have macrometastases in the SLN or non-SLN and, thus, were considered as nodal positive (pN1 or pN2). In 44 of these patients, the SLN was infiltrated by tumor cells resulting in a sensitivity of 54% (44 of 82), whereas in the remaining 38 patients the SLN was free of tumor cells, but metastases were found in non-SLN, resulting in a false-negative rate of 46% (38 of 82). In all but 6 of these 38 patients, step sections and immunohistochemistry were used to for SLN examination to exclude the presence of even very small tumor deposits.
A significant, inverse association to sensitivity was found for the BMI (P ϭ 0.009), whereas the number of involved lymph nodes revealed a positive association (P ϭ 0.033).
No significant association was encountered for age, sex, lymphovascular/vascular invasion, grading, pT classification, total number of examined lymph nodes, center experience, learning curve, or location of the tumor.
To determine the cutoff level for the BMI, a ROCcurve analysis was performed. It revealed a BMI of 24 kg/m 2 as cutoff level, corresponding to a sensitivity of 80% for patients with a BMI up to 24 kg/m 2 versus a sensitivity of 42% for patients with a BMI Ͼ24 kg/m 2 (P Ͻ 0.0001). The multivariate regression analysis revealed the BMI (categorical: Յ24 vs. Ͼ24 kg/m 2 ) to have the most significant impact on sensitivity (P Ͻ 0.0001), followed by the number of tumor-involved lymph nodes (P ϭ 0.024).
Sensitivity After Optimized Conditions
If optimized conditions were provided by a selection of patients with a BMI Յ24, who underwent SLNB in an experienced center (Ͼ22 enrolled patients), the sensitivity to detect macrometastases would have been 88% (14 of 16). 
Identification of Micrometastases and Isolated Tumor Cells by Step Sectioning and IHC of the SLN ("Upstaging")
To define the rate of "upstaging," the proportion of patients was calculated, that was found to reveal micrometastases or isolated tumor in the SLN by step sectioning and IHC, but has been classified as N0 by routine hematoxylin and eosin-staining. A total of 141 of 186 patients classified as nodal negative by routine hematoxylin and eosin staining underwent step sections and immunohistochemistry of the SLN. Thirty of these patients revealed micrometastases (n ϭ 7) or isolated tumor cells (ITC, n ϭ 23), resulting in an overall upstaging rate of 30 of 141 (21.3%). In the clinically important subgroup of stage II patients, the upstaging rate was 24.2% (21 of 91).
Accuracy
The accuracy to predict the nodal status by SLNB was 85.8% (230 of 268).
Negative Predictive Value
The negative predictive value for the prediction of the absence of macrometastases was 80.0% (148 of 186).
Aberrant Lymphatic Drainage
Aberrant drainage, defined as lymphatic drainage to a lymph node that is located outside the planned resection margins, was found only in 5 patients (1.6%) without proof of metastases in the aberrant nodes.
An overview of the results is depicted in Table 2 .
DISCUSSION
On the one hand, the results of our study showed that SLNB using the blue dye method is still unable to predict the nodal status with a clinically acceptable accuracy, at least in a multicenter setting: Despite a high detection rate, the overall sensitivity to identify macrometastases was low (54%) and thus confirmed the results of several smaller trials in this regard. 11, 16, 17 On the other hand, however, detection rate and sensitivity were significantly influenced by patient-and diseasespecific factors, in particular BMI, center experience, and lymphovascular invasion. The important relevance of these factors indicated that technical problems like visibility of the lymph channels in obese patients (BMI Ͼ24 kg/m 2 ) and the problem of the learning curve need to be resolved before a definite conclusion in regard to the accuracy of the method can be drawn.
Further studies must clarify whether or not technical developments like alternative dyes with a better visibility in fatty tissue or better rheologic properties of the tracer will be able to reduce the false-negative rate. The finding that a selection of patients (BMI Յ24 kg/m 2 , treatment in experienced centers) yielded a sensitivity of 88% (14 of 16), which is comparable to the findings in breast cancer, may underline the importance of the technical aspects.
No association was found between the total number of lymph nodes examined and the false-negative rate (P ϭ 0.136). This state of affairs further underlines that there are other, additional factors to influence the probability to find metastases in non-SLN than the radicality of the lymph node resection and the quality of the histopathologic examination.
Although a rare event, lymph node recurrence is assumed to emerge from lymphatic drainage outside the planned resection margins. 18 Bilchik et al hypothesized that SLNB could detect this so-called "aberrant lymphatic drainage" in a significant percentage of patients and, thus, help to prevent locoregional tumor recurrence. 7 Unfortunately, in our study, aberrant drainage was found only in 5 patients (1.6%) without proof of metastases in the aberrant nodes. Thus, it is unlikely that SLNB using the blue dye method can alter the surgical management in colon cancer by the identification of unpreviewed lymphatic drainage in a clinically relevant percentage of patients.
However, the present study revealed micrometastases or isolated tumor cells in the SLN of more than 20% of patients classified initially as pN0 by routine histopathologic examination of all lymph nodes (SLN and non-SLN). Our results thereby confirmed the findings of other studies using a comparable examination technique. 19 -22 However, these findings raise the question of whether the SLN exhibits a higher probability to contain small tumor deposits than non-SLN or whether a random lymph node selection would provide the same percentage of upstaging as obtained by SLNB. A large number of studies already addressed the identification of MM/ITC cells by focused examination of all lymph nodes without using SLNB, [23] [24] [25] [26] but using special techniques like the "fat clearance technique" to increase the yield of lymph nodes. 27 In these studies, the percentage of patients with MM/ITC in their lymph nodes varied between 18% and 76%. 23-26,28 -31 As the definition of a "positive finding" and the technique of histopathologic assessment varied between many studies, the results are difficult to compare. Recently, however, Turner et al 32 and our group 21 examined SLN and non-SLN in the same manner by step sections and immunohistochemistry. It was found that the SLN bore a significantly higher probability to contain MM/ ITC than non-SLN and is highly predictive not only for the presence, but also for the absence of MM/ITC (sensitivity and negative predictive value Ͼ90%). Because of the frequent coincidence of MM/ITC in SLN and non-SLN, 32, 21 it is unlikely that these findings were the result of artificial epithelial displacement by technical manipulations as hypothesized 33 These 2 studies are in contrast to the previously published study of Redston et al, 34 which reported no difference between SLN and non-SLN in regard to the frequency of MM/ITC-involvement. Among other criteria, however, the results of this study seemed to be negatively influenced by a very small number of lymph nodes, that underwent intensified examination (n ϭ 101) and the lack of morphologic criteria to identify tumor cells. Thus, the currently available data nevertheless suggest that SLNB is a relevant method to identify MM/ITC in lymph nodes of patients conventionally classified as pN0 by routine hematoxylin and eosin examination.
The biologic background and the prognostic significance of these findings are, however, still unclear. 23-26,28 -31 Therefore, it is of major importance to clarify the prognostic role of these findings but also to compare its clinical significance with new methods like molecular profiling of the primary tumor. 35 SLNB, at least, could be a practicable and less time-consuming tool to address these questions in a sufficiently large study.
CONCLUSION
Our study showed that SLNB using the blue dye technique still fails to have a significant impact on surgery or routine nodal staging. However, as factors like BMI and center experience influenced the results significantly, technical problems have to be resolved before a definite conclusion can be drawn, whether or not SLNB is able to identify macrometastases with a clinically sufficient accuracy. On the other hand, SLNB enables a simple identification of a subpopulation of more than 20% of stage II patients, revealing MM/ITC in their lymph nodes. As the prognostic role of these finding still remains to be clarified, SLNB may serve as a diagnostic tool to clarify this question.
